INTRODUCTION
============

In 2009, the novel swine-origin influenza A (H1N1) virus (S-OIV) was identified as the cause of a severe influenza pandemic.[@b1-cln_66p933] The clinical spectrum of the pandemic H1N1 virus was broad, from mild upper respiratory tract illness to severe complications, such as acute respiratory distress syndrome, multiorgan failure, and death.[@b1-cln_66p933]

Approximately 10% to 30% of hospitalized patients required intensive care unit (ICU) admission,[@b2-cln_66p933] and 60% to 88% of those patients who were admitted to the ICU needed mechanical ventilation (MV).[@b3-cln_66p933],[@b4-cln_66p933] Risk factors for death included high acute physiology and chronic health evaluation II (APACHE II) scores, a low ratio of arterial partial pressure of oxygen to fraction of inspired oxygen (Pa~O2~/FI~O2~ ratio), use of inotropic drugs, hemodialysis, lymphocytopenia, and high levels of lactic dehydrogenase (LDH) and C-reactive protein (CRP).[@b3-cln_66p933],[@b5-cln_66p933]

The lungs were extensively involved, and bilateral areas of consolidation and/or ground-glass opacities on high-resolution computed tomography (HRCT) were already present 4--9 days after hospital admission caused by H1N1 virus infection.[@b6-cln_66p933] The main pathological changes associated with H1N1 virus infection were diffuse alveolar damage, necrotizing bronchiolitis, and extensive hemorrhage.[@b7-cln_66p933] The mortality rate in Brazil was 70 deaths per 100,000 people.[@b1-cln_66p933] General management of lung involvement in our Institution has been extensively covered.[@b8-cln_66p933]-[@b11-cln_66p933]

Survivors of acute respiratory distress syndrome (ARDS) might present reduced carbon monoxide diffusion capacity (DL~CO~), impaired lung function, and diminished physical capacity six months after hospital discharge.[@b12-cln_66p933] At 3-month follow-up, patients who have suffered from H1N1 pneumonia can still present with ground-glass opacities and reduced carbon monoxide diffusion capacity.[@b13-cln_66p933] There are no reports regarding the follow-up of patients admitted to the ICU as a result of ARDS during the influenza pandemic. Our goal in this case series was to describe the long-term recovery of patients diagnosed with influenza A (H1N1) virus who developed ARDS.

MATERIALS AND METHODS
=====================

From July 9 to August 31, 2009, patients over 18 years old at a tertiary hospital located in São Paulo, who were admitted to the ICU with H1N1 virus infection confirmed with nasopharyngeal swab specimens (by using the real-time reverse transcriptase polymerase chain reaction \[rRT-PCR\] test) and by the fulfillment of ARDS criteria, were prospectively included. A written informed consent, approved by the hospital\'s ethical committee, was obtained from the patients\' next-of-kin. Patients with ages below 18 years old, more than three organ system failures, persistent hemodynamic instability, severe cardiac disease, immunosuppression by chemotherapy or radiation therapy, or acute brain injury, as well as pregnant women, were excluded.

Patients were managed with a lung-protective ventilation strategy (tidal volume 6 mL/kg of predicted body weight and driving pressure \[plateau pressure --- PEEP\] up to maximum 15 cm H~2~O). Using bedside electrical impedance tomography, a recruitment strategy with a decremental PEEP titration was performed to obtain the optimal PEEP value.[@b14-cln_66p933]

Electrical impedance tomography is a new imaging tool that is noninvasive and radiation-free and that drives harmless electrical currents across the thorax, using 16 electrodes placed at the transverse plane and crossing the fifth intercostal space at the midclavicular line. The electrodes generate a potential gradient at the surface, which is then transformed into a two-dimensional image of the electric impedance distribution within the thorax.[@b15-cln_66p933] When comparing regional ventilation across different thoracic regions, the quantitative information provided by electrical impedance tomography was closely proporcional to changes in air content, as calculated by dynamic computed tomography scanning.[@b15-cln_66p933]

All patients received a corticosteroid (hydrocortisone, 200 mg/day) and oseltamivir (150 mg/day). Sepsis was defined as infection plus systemic manifestations of infection, and treatment for sepsis was based on the Surviving Sepsis Campaign guidelines.[@b16-cln_66p933]

Patients were followed during their stays in the hospital and at regular intervals (1--2 months and 6 months after admission) with pulmonary function tests (lung volume assessed by body plethysmography), inspiratory/expiratory high-resolution computed tomography, and a 6-min walk test (6-MWT) if the patient was able to walk. All measurements were performed in extubated patients.

RESULTS
=======

A total of 54 patients, 18 of whom required invasive mechanical ventilation, were admitted to the ICU because of H1N1 virus infection. Of the 18 intubated patients, 14 were excluded (2 with more than 48 hours of ARDS, 2 with acute brain injury, 3 with severe cardiac disease, 3 with immunosuppression due to chemotherapy or radiation therapy, 3 with more than 3 organ system failures, and 1 because of pregnancy). Four patients were included.

Admission and demographic data assessed during the ICU stay are summarized in [Table 1](#t1-cln_66p933){ref-type="table"}. The PFTs after 2 and 6 months are summarized in [Table 2](#t2-cln_66p933){ref-type="table"}, as well as the 6-MWD performed after 6 months. High-resolution computed tomography, performed initially and after 6 months, is shown in [Figure 1](#f1-cln_66p933){ref-type="fig"}. Six months after ICU admission, none of the patients presented with air trapping in expiration on high-resolution computed tomography.

Case 1
------

ARDS caused by H1N1 virus was diagnosed in a 28-year-old man after one week of fever and dyspnea. He was admitted to the ICU and was started on mechanical ventilation. Patient data during his ICU stay are shown in [Table 1](#t1-cln_66p933){ref-type="table"}. Thirty-four days after admission, he was discharged without supplemental oxygen but with a significant limitation in his physical capacity. He resumed work after four months, although reassigned to a different, less physically demanding, position. The PFTs during follow-up demonstrated improvement in the DL~CO~, with the forced vital capacity and total lung capacity still reduced after six months ([Table 2](#t2-cln_66p933){ref-type="table"}). The 6-minute walk distance was also reduced 6 months after admission, and the high-resolution computed tomography scan showed an improvement in the initial ground-glass pattern (Figure 1).

Case 2
------

A 25-year-old man, in whom ARDS caused H1N1 virus was diagnosed after four days with fever and progressive dyspnea, was admitted to the ICU with respiratory failure requiring mechanical ventilation ([Table 1](#t1-cln_66p933){ref-type="table"}). He stayed in the hospital for 29 days and returned to his usual activities 2 months after he was discharged. After 6 months of follow-up, a pulmonary function test demonstrated an improvement in forced vital capacity, total lung capacity, and DL~CO~ ([Table 2](#t2-cln_66p933){ref-type="table"}), as well an improvement on his high-resolution computed tomography scan (Figure 1). He still had physical limitations, as measured with the 6-minute walk test, 6 months after ICU discharge ([Table 1](#t1-cln_66p933){ref-type="table"}).

Case 3
------

A 54-year-old man with a past medical history of diabetes and arterial hypertension was admitted to the ICU caused by respiratory and acute renal failure associated with the H1N1 virus ([Table 1](#t1-cln_66p933){ref-type="table"}). He was discharged from the hospital 38 days later but was readmitted twice because of pulmonary edema. His pulmonary function test after 2 months showed a severe restrictive pattern and reduced DL~CO~ ([Table 2](#t2-cln_66p933){ref-type="table"}). The high-resolution computed tomography scan showed an interstitial infiltration (Figure 1). Six months after the initial admission, the patient was hospitalized because of pulmonary congestion, and he was therefore unable to perform the pulmonary function test or the 6-minute walk test. At this time, high-resolution computed tomography was performed and was compatible with pulmonary edema (Figure 1).

Case 4
------

The patient was a previously healthy 43-year-old man who presented to the hospital with severe acute respiratory failure caused by the H1N1 virus, which required immediate intubation and ICU admission ([Table 1](#t1-cln_66p933){ref-type="table"}). He remained in the hospital for 23 days and resumed his normal activities after 2 months. Two months after admission, his pulmonary function test showed a mild restrictive pattern with a normal DL~CO~. At the six-month follow-up, his pulmonary function test improved ([Table 2](#t2-cln_66p933){ref-type="table"}). In comparison to the high-resolution computed tomography scan at admission, his computed tomography at six months was markedly improved, but there remained rare peripheral lung infiltrates (Figure 1). Six months after admission, his physical capacity was normal ([Table 2](#t2-cln_66p933){ref-type="table"}).

DISCUSSION
==========

In this follow-up of four patients with ARDS caused by H1N1 virus infection, we found a restrictive pattern in the pulmonary function test in three patients and a reduced DL~CO~ in two patients two months after admission. These results are consistent with data from ARDS survivors published previously,[@b12-cln_66p933],[@b17-cln_66p933] in which a reduced forced vital capacity and DL~CO~ could be observed three months after ARDS.

Conversely, the marked improvement observed at six-month follow-up, especially the changes observed in DL~CO~ and on high-resolution computed tomography, are in disagreement with the expected long-term functional outcome in ARDS patients. In previous studies,[@b12-cln_66p933] pulmonary function abnormalities were common in ARDS survivors after 6 months, with a persistently low DL~CO~ and with residual lung parenchyma changes suggestive of fibrosis on the high-resolution computed tomography scan.[@b18-cln_66p933] Considering the severity of the respiratory failure that our patients with ARDS caused by H1N1 virus infection underwent (all patients had Pa~O2~/FI~O2~ ratios \<100 mm Hg at admission), we had expected a worse outcome at six months.

The reduction of physical capacity observed at six months of follow-up in three of our cases was probably multifactorial and may be partially explained by corticosteroid-induced and/or critical-illness-associated myopathy,[@b12-cln_66p933] in agreement with previous studies.

Patients in this case series were younger and presented an APACHE II score lower than ARDS survivors in previous studies[@b12-cln_66p933] and than critically ill influenza A (H1N1) patients,[@b3-cln_66p933],[@b4-cln_66p933] favoring a good outcome. However, they presented laboratory test abnormalities (elevated LDH and C-reactive protein levels and reduced lymphocyte count) and a reduced PaO~2~/FIO~2~ ratio that were previously associated with poor outcomes of H1N1 virus infection.[@b3-cln_66p933],[@b5-cln_66p933]

Another point to consider when interpreting the results is the mechanical ventilation strategy applied. Patients with H1N1 virus infection who require mechanical ventilation can be very difficult to oxygenate, and the use of adjuvant methods to improve hypoxemia, such as recruitment maneuvers,[@b3-cln_66p933] prone positioning,[@b3-cln_66p933] and extracorporeal membrane oxygenation, was frequent in previous studies.[@b4-cln_66p933],[@b19-cln_66p933],[@b20-cln_66p933] We used a ventilatory strategy with low tidal volumes and recruitment maneuvers and with a careful selection of the PEEP set to minimize the lung injury caused by cyclic alveolar recruitment and collapse,[@b14-cln_66p933] according to the bedside PEEP titration strategy guided by electrical impedance tomography. It is possible that this ventilatory strategy was responsible for the good functional recovery of our patients, although we cannot exclude that the functional improvement was merely a characteristic of infection with the H1N1 virus.

The main limitations of this case series are as follows: (1) the small number of patients with complete follow-up, (2) the exclusion of patients with more severe symptoms, and (3) the absence of control patients. In particular, the latter limitation prevents us from drawing definitive conclusions about the aforementioned associations between treatment and outcome, which should be a matter for future studies.

CONCLUSION
==========

In summary, selected patients diagnosed with the H1N1 virus and managed with a bedside recruitment strategy using electrical impedance tomography had functional limitations two months after ICU admission, which recovered partially or fully after six months. Additional studies should be conducted to assess the impact of new protective strategies during mechanical ventilation on the long-term recovery of patients with ARDS.

![Initial and 6 months after admission HRCT of patients with ARDS caused by H1N1 virus included in this study (Initial HRCT of cases 1, 2 and 3 were performed 1 month after admission; HRCT of case 4 was performed 5 days after admission).](cln-66-06-933-g001){#f1-cln_66p933}

###### 

Intensive care unit data from patients with ARDS caused by influenza A (H1N1) virus included in this case series.

  Variables               Case 1   Case 2   Case 3   Case 4
  ----------------------- -------- -------- -------- --------
  PaO~2~/FIO~2~ (mm Hg)   50.9     81       75.7     60.2
  PEEP (cm H~2~O)         18       18       18       12
  APACHE II               13       12       23       11
  CRP (mg/L)              180      172      514      311
  LDH (U/L)               4659     2252     1298     1916
  Lymphocytes             1000     900      400      500
  Length of MV (days)     15       12       10       9
  ICU LOS (days)          27       14       21       16
  Hospital LOS (days)     34       29       38       23

PaO~2~/FIO~2~ ratio  =  ratio of arterial partial pressure of oxygen to fraction of inspired oxygen at the start of mechanical ventilation; PEEP  =  positive end expiratory pressure after recruitment maneuver and PEEP titration; APACHE II  =  acute physiology and chronic health evaluation II at admission; CRP  =  C-reactive protein level at admission; LDH  =  lactic dehydrogenase at admission; LOS  =  length of stay; ICU  =  intensive care unit; MV  =  mechanical ventilation.

###### 

Sequential PFTs and 6-MWDs of patients with ARDS caused by influenza A (H1N1) virus included in this case series.

  Variables                           Case 1       Case 2        Case 3       Case 4
  ----------------------------------- ------------ ------------- ------------ -------------
  Two-month PFT results:                                                      
  FVC, L (% predicted)                3.65 (70)    3.76 (80)     1.63 (41)    3.36 (76)
  TLC, L (% predicted)                4.41 (68)    4.97 (85)     \-           4.26 (72)
  RV, L (% predicted)                 1.00 (67)    1.09 (88)     \-           0.98 (61)
  DL~CO~ mL/min/mm Hg (% predicted)   15.96 (54)   27.38 (107)   10.00 (42)   18.62 (73)
  Six-month PFT results:                                                      
  FVC, L (% predicted)                3.80 (73)    4.22 (89)     \-           3.60 (82)
  TLC, L (% predicted)                4.67 (72)    5.57 (95)                  4.78 (81)
  RV, L (% predicted)                 0.94 (64)    1.15 (92)                  1.18 (72)
  DL~CO~ mL/min/mm Hg (% predicted)   27.57 (93)   33.92 (133)                24.09 (94)
  Six-month 6-MWD results:                                                    
  6-MWD, m (% predicted)              465 (65.0)   471 (71.0)    \-           576 (100.5)
  SpO~2~ at rest (%)                  97           95                         97
  SpO~2~ after test (%)               97           96                         96

PFT  =  pulmonary function test; FVC =  forced vital capacity; TLC =  total lung capacity; RV =  residual volume; DL~CO~ =  diffusion lung capacity for carbon monoxide; 6-MWD =  6-minute walk distance; l  =  liters; m  =  meters; SpO~2~  =  peripheral oxygen saturation.
